The presence of dyes in industrial effluents is of public health concern. A considerable attention was paid to remove the dyes from the aquatic environment. This study focusses on the degradation of reactive red (RR-147) dye under UV irradiation in the presence of hydrogen peroxide (H 2 O 2 ) and nano photo catalyst (TiO 2 ). Effect of different parameters like dye concentration, pH, H 2 O 2 , UV irradiation time and TiO 2 was studied. The maximum degradation of 92% for 50 ppm dye concentration, pH 3.4, H 2 O 2 0.9 mL, TiO 2 0.6 g and UV irradiation time 60 min was observed. The UV/Vis spectrophotometer was used to investigate the change in absorbance after UV irradiation. The 57 % reduction in COD was achieved when the dye aqueous solution was exposed to UV/H 2 O 2 /TiO 2 process under optimized conditions. The FTIR was used for the identification of degraded product after UV irradiation treatment.
The presence of dyes in industrial effluents is of public health concern. A considerable attention was paid to remove the dyes from the aquatic environment. This study focusses on the degradation of reactive red (RR-147) dye under UV irradiation in the presence of hydrogen peroxide (H 2 O 2 ) and nano photo catalyst (TiO 2 ). Effect of different parameters like dye concentration, pH, H 2 O 2 , UV irradiation time and TiO 2 was studied. The maximum degradation of 92% for 50 ppm dye concentration, pH 3.4, H 2 O 2 0.9 mL, TiO 2 0.6 g and UV irradiation time 60 min was observed. The UV/Vis spectrophotometer was used to investigate the change in absorbance after UV irradiation. The 57 % reduction in COD was achieved when the dye aqueous solution was exposed to UV/H 2 O 2 /TiO 2 process under optimized conditions. The FTIR was used for the identification of degraded product after UV irradiation treatment.
The FTIR study showed that most of the functional group peaks were disappeared after the UV/H 2 O 2 /TiO 2 treatment. LCMS/GCMS analyses scrutinized the intermediates and a mechanistic degradation pathway has also been proposed. The cytotoxicity of the irradiated dye samples was assessed using hemolytic test while mutagenic evaluation was carried out using the Ames test before and after treatment. The UV/H 2 O 2 /TiO 2 is proved to be more capable and efficient system for the degradation of the RR-147 dye as compared to UV/H 2 
Introduction
The role of metal oxide in material science is significantly approved with variation in structural geometries and electronic distribution. The properties of semiconductor metal oxide depend on their morphology, structure and grain size. These nanoparticles have been used for detection and removal of biomolecules. The chemical activity of the nanoparticles is associated with surface properties [1] [2] [3] [4] . Water contamination is very undesirable phenomenon since contaminated water spread bacterial, viral and parasitic diseases. Water pollution is defined as the change in chemical, physical and biological properties of water. The industrialization and human activities are also the common factors to create water pollution. Dye wastewaters need to be treated because of the color that destroys the transparency of water and complex toxic nature of the dye stuff [5] [6] [7] [8] [9] [10] . Treatment of dyes is also performed because most of the dyes are made from azo bonded aromatic compounds, which are carcinogenic in nature [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Various fields like medical, cosmetic, textile and tanning mostly use dyes or dyestuff in one way or the other. More than 10,000 dyes exist which are available commercially and over 7 × 10 5 tons of dyestuffs are produced per annum [20, 21] . A well-known characteristic of textile wastewater is high content of polluting compounds. Physical-chemical methods such as, coagulation/flocculation, activated carbon adsorption and reverse osmosis techniques have been developed in order to remove the color of dyes [22, 23] . However, these methods can only transfer the contaminants of dyes from one phase to the other leaving the problem essentially unsolved. Therefore, attention has to be focused on techniques that lead to the complete destruction of the dye molecules [24] .
Reactive azo dyes are the most common and largest class among all the dyes with -N = N-group as a chromophore in the molecular structure and are the most widely used due to their advantages such as better dyeing processing conditions and bright colors [25] . Reactive dyes are water-soluble and are mainly applied to cotton. The important feature of these dyes is their presence in fine powder form and it seems to be best for application on the fabric [26] .
Advanced oxidation process is a very promising technique based on the production of highly reactive hydroxyl radicals which promote destruction of target pollutant [27] [28] [29] . The remarkable advantage of Advanced Oxidation Processes (AOPs) over all chemical and biological process is that it neither transfers pollutant from one phase to another [30, 31] . AOPs has been thoroughly and comparatively evaluated for a variety of organic compounds and wastewater in the past. More recent and advanced studies have focused on the radiation induced degradation of many dye molecules using photocatalyst like TiO 2 , ZnO, FeO, CdS, SnO 2 and ZrO 2 [32] . The interaction between photo-catalyst and UV radiation produce electron hole pairs on the surface of catalyst. The oxidative potential of the hole (h + vb ) in the catalyst permits the direct oxidation of the dye to reactive intermediates (Eq. 1). 
Another reactive intermediate which is responsible for the degradation is hydroxyl radical. It is either formed by the decomposition of water (Eq. 2) or by reaction of the hole with OH − (Eq. 3). The hydroxyl radical is extremely strong, non-selective oxidant which leads to the partial or complete mineralization of organic dye stuff [33] . The use of TiO 2 as semiconductor photo-catalyst for environmental cleanup promises increasing attention because of its low cost, nontoxic nature, insolubility, highly reactive nature and high chemical stability as compared to other semiconductor photocatalysts [31, 34] . The photo-catalytic degradation of various organic systems employing irradiation in the presence of TiO 2 can result in complete degradation to carbon dioxide, water and mineral acids [35] [36] [37] [38] [39] [40] [41] [42] [43] .
In the current work the degradation of RR-147 is carried out by UV, UV/H 2 O 2 , UV/H 2 O 2 /TiO 2 advanced oxidation process. The aim of the work is to study the photo-catalytic degradation of RR-147 in the presence of TiO 2 irradiated by UV light. The effect of UV light irradiation, dye concentration, pH, amount of photo-catalyst and amount of oxidizing agent were examined. Removal of toxic nature of dye samples were tested by COD, BOD removal and hemolysis/Ames test. The final product was also investigated using FTIR and removal of peaks of different functional groups in spectra verified the degradation of RR-147.
Materials and methods
Analytical grade chemicals and reagents were used in this work and were purchased from Sigma Aldrich. The commercial C.I. RR-147 (chemical formula: C 31 H 19 ClN 7 Na 5 O 19 S 6 , MW: 664.03 g/mol) was taken from Harris dyes and Chemicals Faisalabad, Pakistan. Fig. 1 shows the molecular structure of dye. The pH of dye solution was maintained using dilute HCl (0.5 M) and NaOH (0.5 M). The aqueous solution of dye was subjected to AOP treatment as model compound for this study.
Various parameters such as concentration of photo-catalysts, pH, H 2 O 2 were optimized to check the efficiency of photocatalytic degradation process.
Irradiations of samples and analysis
The stock solution of 1000 mL was used to prepare the different concentrations. Only dye solutions of three concentrations i.e. 50 ppm, 100 ppm, 150 ppm were prepared for UV radiations followed by the treatment with different concentrations of hydrogen peroxide and TiO 2 . Different sample solutions of dye were treated with ultra violet radiations. Absorbance of all samples is noted at max 547 nm before and after treatments. UV reactor was used with the following specifications (wavelength 254 nm, power 144 W and shaker speed 150 rpm). The experiments for degradation of RR-147 dye using photo catalytic technique was performed by different concentrations of the dye solutions in the UV chamber. In these experiments, the solution of RR-147 was stirred by magnetic stirrer in the presence of TiO 2 and in the absence of light for 30 min to extend the adsorption equilibrium before UV radiation treatment at room temperature. Millipore membrane with pore size 0.45 m was used to filter the solutions of dye after treatment, and calibration curve method was used to determine the spectrophotometer (HITACHI U-2800). The percentage degradation was calculated by applying the formula;
Where C 0 = initial concentration of dye solution, C = concentration of dye solution after irradiation. Fourier transform infrared spectrometry (FTIR) was used before and after treatments. Before applying the treatment, sample was exposed to analyze using FTIR spectrophotometer (U-2001, Schimadzu, Japan) at HI-TECH lab GCUF.
To identify the degraded end products formed by the UV/H 2 O 2 /TiO 2 treatment for the RR -147 dye were analyzed by LC-MS. The analyses were operated in positive mode using the data full scan MS with a scan range of m/z 100-600 in the enhanced scan mode for better resolution. The treated sample was further subjected for gas chromatography-mass spectroscopy (GC-MS). The GC-MS (GC-Model: Agilent 6890, MS-Model: Agilent 5973) was performed at PCSIR laboratories complex, Lahore.
Toxicity and water quality evaluation
To avoid the toxic impact of H 2 O 2 , MnO 2 was added to lessen the impact of H 2 O 2 . Hemolytic test was performed for cytotoxicity results while Ames test is used to assess the mutagenicity of tested samples. The test serves as a quick and advantageous assay to evaluate the carcinogenic nature of a compound. For water quality assurance Dissolved Oxygen (DO), Chemical Oxygen Demand (COD) and Biological Oxygen Demand (BOD) was measured. DO is the amount of O 2 (gaseous oxygen) dissolved in the water, while COD is the measurement of oxidize able substances in water and BOD is the amount of dissolved oxygen needed to the aerobic biological organisms for the complete breakdown organic substances in a given amount of water at certain temperature in a specific time period. For toxicity and water quality evaluation, all the experiment performed in triplicate and data thus obtained was averaged [44] . For toxicity measurements, the samples were incubated for 35 min at 37 • C, implant 10 min and after incubation, place the tube on ice for 5 min and centrifuge for 5 min. After centrifugation, 100 microliters of the supernatant were taken from the tube and diluted with 900 mL of PBS chilled. All Eppendorf tubes were added to 96 disks. For each test 0.1% of triton X-100 was taken as a positive control and the buffer saline phosphate was performed for each test as a negative control.
Results and discussion
The maximum wavelength ( max ) of the RR-147 dye was determined using HITACHI U-2800 double beam spectrophotometer ( Table 1 ). The dye solution was introduced into the sample cell. The peak of the graph plotted by spectrophotometer shows the wavelength = 547 nm. The absorption spectrum of RR-147 is presented in Fig. 2 . The peak appears in the visible region due to the dye chromophore.
Effect of dye concentration with different UV irradiation time
Different concentrations of RR-147 dye were prepared and examined to check the impact of dye concentration on degradation efficiency. The three different dye concentrations (50 ppm, 100 ppm, 150 ppm) were irradiated with UV radiations by keeping the other parameters constant at various UV irradiation time to evaluate degradation. Fig. 3 shows the plot of degradation with respect to various irradiation times. When time was 60 min. degradation was highly effective at the low conc. of the dye. The degradation efficiency decreases by increasing the dye concentration. The reason is that the solution becomes more intense in color by increasing the dye concentration and the dye molecules adsorbed on the surface, hence making the degradation process more difficult. It has also been noticed that by increasing the irradiation time, degradation rate can be enhanced even on high dye concentration and these results are in accordance with the previously reported work [34] .
Effect of pH
The effect of pH on the rate of degradation of different concentrations of RR-147 (50 ppm, 100 ppm, 150 ppm) at different pH values of 3, 5, 7, and 9 was checked. pH plays a significant role in the degradation of dyes by H 2 O 2 /UV/TiO 2 process. In an acidic medium degradation process has been found to be more effective. Acidic conditions favored the protonation of the azo and amino groups resulting in the formation of the cationic form of RR-147 dye that is less stable and more easily oxidize able [45] . This reduction in efficiency at basic pH can be accredited to the fact that a part of H 2 O 2 is used for the oxidation of alkalis forming di oxygen and water rather than producing hydroxyl radicals under UV radiation as reported in research paper of Kaur and Singh [35] . Fig. 4 shows the effect of pH on degradation efficiency of RR-147 dye.
Effect of H 2 O 2
The addition of H 2 O 2 was regarded as a good parameter for enhancement of photo-catalytic degradation process. The results as shown in Fig. 5 (a, b) indicate that the UV/H 2 O 2 had accelerated the photo-catalytic degradation of RR-147 dye as compared to the UV irradiation alone. The photo-catalytic degradation rate of RR-147 dye increased when hydrogen peroxide concentration was increased to a significant level. The maximum degradation was achieved at 0.9 mL H 2 O 2 (35% w/w) concentration. This could be due to the production of hydroxyl radical by photo-catalysis of H 2 O 2 which is acting as strong oxidant and as electron scavengers. Moreover, increasing of hydrogen peroxide concentration decreased the rate of photo-catalytic degradation that could be due to the scavenging effect. Similar behavior was reported for photo-catalytic degradation of reactive yellow (RY-145) dye in a previous research by [46] .
Effect of TiO 2 concentration
Experiments were taken by using various concentration of catalyst TiO 2 ranging from 0.1 g to 0.6 g keeping other parameters constant in order to obtain maximum degradation efficiency of dye (Fig. 6) . By knowing the optimum amount of TiO 2 catalyst, unnecessary use of catalyst can be saved. The maximum degradation efficiency is achieved with (UV+H 2 O 2 +TiO 2 ) as compared to (UV+ H 2 O 2 ), which shows that TiO 2 acts efficiently as a nano photo-catalyst. Results showed that the degradation efficiency increased by increasing TiO 2 amount because of increase in the availability of active sites of TiO 2 in reaction exhibiting maximum degradation 92% with 0.6 g of TiO 2 at 50 ppm dye concentration. These findings are in line with the previous studies [34] . 
Water quality and FTIR profiling
The water quality of RR-147 dye solution treated by H 2 O 2 /TiO 2 /UV was evaluated by treating the dye at optimum conditions of process variables 50 ppm initial dye concentration, 0.9 mL H 2 O 2 and 0.6 g TiO 2 . The DO of dye solution increased significantly after treatment. Before treatment the DO value was 1.43 mg/L, which increased up to 6 ppm as a result of H 2 O 2 /TiO 2 /UV treatment as shown in (Fig. 7a) . Similarly, BOD of treated dye solution was also reduced in response of H 2 O 2 /TiO 2 /UV treatment. Before treatment the BOD value of RR-147 dye was 361 ppm, which reduced significantly as a result of H 2 O 2 /TiO 2 /UV treatment (Fig. 7b) . The BOD reduction was 60% in presence of H 2 O 2 because it interacts with aqueous electron and hydrogen radical and scavenges these species. Actually, oxidative degradation of dyes occurs by hydroxyl radicals generated during radiolysis and is facilitated in the presence of hydrogen peroxide [47] . Previous studies also support these findings which revealed a promising efficiency of AOP for the improvement of water quality [48] . The COD is also an excellent water quality indicator to evaluate the efficiency of treatment process, which was also monitored after H 2 O 2 /TiO 2 /UV treatment. A dye solution (50 ppm) showed the initial COD value of 844.46 ppm, which decreased to 361.21 ppm after treatment (Fig. 7c) . Results revealed that COD of RR-147 dye was also reduced significantly after H 2 O 2 /TiO 2 /UV treatment. To identify the degraded end products, Fourier transform infrared spectrometry (FTIR) was used before and after treatments. Fig. 8 depicts the spectra of RR 147 before and after gamma treatment. The irradiated sample spectra show the destruction of aromatic structure which further breakdown into smaller species by the attack of hydroxyl group which caused oxidation, necessary for dye degradation.
LC-MS/GC-MS studies
LC-MS was employed to identify the degraded end products formed by the UV/H 2 O 2 /TiO 2 treatment for the RR-147 dye. peaks in LC-MS spectrum of RR-147 clearly showed their availability which further converted into inorganic compounds. On the basis of LCMS analysis, a mechanistic degradation pathway was also proposed as shown in Fig. 10 . The treated sample was further subjected for gas chromatography-mass spectroscopy (GC-MS). The GC-MS was performed for maximum degraded RR-147 dye sample treated with UV radiation in the presence of H 2 O 2 /TiO 2 . There were no characteristics peaks appeared in the spectrum of RR-147, which showed the complete breakdown of dye RR-147 into lower molecular weight compounds.
Toxicity assessment
The mechanical stability of the erythrocyte membrane shows the dependence of cytotoxicity on their physical and structural properties. Hemolysis which is an infectious disease, occurs due to the presence of microbes and other parasites like the plasmodium falciparum [49] [50] [51] [52] [53] [54] . Fig.11 illustrates the hemolysis of the RR-147 dye before and after treatment. Ames test is used for the determination of mutagenicity of any compound. The samples were analyzed before and after irradiation for mutagenicity using TA98 and TA100 strains [43] .
j m a t e r r e s t e c h n o l . 2 0 2 0;x x x(x x):xxx-xxx The mutagenicity is the ability to affect the DNA. The dye solution showed the mutagenicity about 84.6% and 80.5% before irradiation. The solution was irradiated by UV radiations and mutagenicity was reduced to a significant rate as 94.6% and 96.2% plates were affected by dye solution which is a clear evidence of reduction in the mutagenicity. It was known that the UV radiation was considered to be effective for reduction in mutagenicity of dye solution to maximum level [55, 56] .
Conclusions
Following conclusions have been drawn; Complete degradation of RR-147 was achieved along with significant reductions in COD values by treating the dye samples with UV radiation in the presence of H 2 O 2 (oxidant) and TiO 2 photo catalysts. The effect of change in different applied JMRTEC-1317 parameters i.e., dye concentration, catalyst loading, H 2 O 2 concentration, UV irradiation time and pH were evaluated and optimized. The results revealed that the dye showed maximum degradation of 92% for 50 ppm dye concentration, pH 3.4, H 2 O 2 0.9 mL, TiO 2 0.6 g and UV irradiation time 60 min. The hemolytic bioassay and Ames test revealed a considerable reduction in cytotoxicity and mutagenicity respectively. LCMS and GCMS spectra verified the degraded end product and helped to find out intermediates produced during the UV irradiation treatment. This study proposed the pathway to study the degradation pattern mechanistically. The reduction in oxygen demand also confirmed the degradation and detoxification of the dye RR-147. The results of the present study showed that UV radiation/H 2 O 2 /TiO 2 based AOP is an efficient way to degrade the RR-147 dye.
